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CP violation in charm %

 CP violation in the charm sector not observed
yet

 Charm decays allow CP violation to be probed
with an up-type quark

- Complementary to studies with K and B
mesons

* SM predictions difficult to calculate, but small
CP asymmetry is expected (~10~% —1073)
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Direct and indirect CP violation

LM — f) —T(M — f)

A _
cp(f) = M — f)+T(M — f) ‘ Wk ‘2
- Direct CP violation when |4;|* # |47
- For oscillating neutral mesons |M, ,) = p|M°) £ q|M°)
o CP violation in mixing when |p| # |q]|
o CP violation in interference \
between decay and mixing when

D% D°, <f ‘Zi DS D"

Avg value (HFLAV 2018) [%]

P 0.36+021

y 0.67%2-9%
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Mixing and CP violation gy

- Measurement of y., with D° > h*h- Mt
oycp = [0.57 £+ 0.13 (stat) + 0.09 (syst)]% o I

o Compatible with and precise as the | PrL122(2019) 011802 | :""jisg T +L e o
World Average (0.84 £ 0.16)% =" ossp 1+ 1 —

D° decay time [ps]

- Measurement of x.p and Ax with 4 Prompt) Serilptonic - i
D° - K‘S)n+1t‘ arXiv:1903.03074 —_ -
oxcp = [0.27 + 0.16 (stat) + 0. 04 (syst)]% o
oAx = [—0.053 + 0.070 (stat) + 0.022 (syst)]% & .
o Most precise determination of x from a single
experiment & ot <
o Combination with current global knowledge gives
x > 0 at more than 30 < e _ b
No CP violation observed D o
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Search for direct CP violation

e Acp in DY - K2KY > see talk by Giulia Tuci at YSF
* Acp in DY - K9, Dt - KYK*, D" - ¢pmr™ 1| arxiv:1903.01150
" Acp(DF — KO (1.3 £1.9 (stat) £0.5 (syst)) x 1073
Acp(Dt — KOKH) = (—0.09 & 0.65 (stat) = 0.48 (syst)) x 1072 (3.8 fb-1)

ACP(DJr — ¢r) = ( 0. 05 = 0.42 (stat) = 0.29 (syst))

x10°
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No CP violation observed
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Measurement of AA.p




AA-p STATUS
AAcp = Acp(D” - K~ KT) — Acp(D° = 77 7")  Tacsumption

o\ Acp in
A dlI‘ 14 <t> | A<t> @ decay/mixing
CL ! Yycp I a interference is
T(DO) (DO) cr universal

(© = G0 + ()2 o

= e O =
- al™! mainly constrained by 5 2o I
measurements of Ar
 AA-p mostly sensitive to Aad¥
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AA-p STATUS

AAcp = Acp(D° - K~ K7) — Acp(D° = )

~ dir | <t> | A<t> ind
—@ L e | o e

Assumption:
Acp iN
decay/mixing
interference is

universal
Experiment AAcp
CDF (—62 £ 21 & 10) x 10+ PRL109(2012) 111801
BaBar (_|_24 + 62 + 26) % 10—4 PRL100 (2008) 061803
Belle (—87 +41 4+ 6) x 104 arXiv:1212.1975

[LHCb (3.0 fb~!, muon-tagged) (4144164 8) x 10~* JHEP07(2014) 041 J
LHCb (3.0 fb™', pion-tagged) (—=10+ 8+ 3) x 10~* PRL116(2016) 191601

« Most precise measurements performed by LHCb with Run 1 data

» Today: NEW measurement with full Run 2 (6 fb™1)
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Flavour tagging

0
* Look at the charge of the D*+ Z -
accompanying particle v
 Prompt charm: D** - D9x# P PV P

o D? points to PV
o Decay time acceptance X

- Semileptonic charm: B » D%°u*X

o D? does not point to PV D
oAccess all D° decay times T
o Lower yield B-

o > - D
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Strategy — Prompt tag %

N(D°— f)— N(D°— f
Araw (f) = NEDO_>;;+NE50_> f; D** - D> K*K )nl Dt > D°(> ntn)n?

Valid up to 0(107%)

Al )
Physical CP
asymmetry

D? detection asymmetry

= equal to 0, since K"K* and nn*
are symmetric final states

D* production
asymmetry
Independent on

the final state
If the kinematics of the D** and =, for the two decay modes are equal
= Acp(K " KT) —Acp(n™7t) = Apaw (K" KT) — A (77

. detection
asymmetry
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Strategy - SL tag %

ND°— f) = N(D°= f)| = E—— N
AraW(f):N(DO—)f)—FN(EO—)f) B —)DO(—) K+K )‘Ll X| B —)DO(—) 7T+7T )‘Ll X

Valid up to 0(107%) —
Araw(f) AP (B)
Physical CP
asymmetry B production
asymmetry
Independent on
the final state

D? detection asymmetry
= equal to 0, since K"K* and nn*
If the kinematics of the B and u~ for the two decay modes are equal
= Acp(K " KT) —Acp(n™7t) = Apaw (K" KT) — A (77

+ Ap(u™ )+

u~- detection
asymmetry

are symmetric final states
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Selection

LHCb-PAPER-2019-006

« Reconstruction performed online (Turbo stream)

. ReqUirementS placed on: Comput. Phys. Commun. 208 (2016) 35
o Quality and PID information of tracks
opt of tracks and D°
o DY vertex quality
o IP of DY
0 Megrr = /M(D°) + pr(D°wW)+ pr(D°u) for SL
om(D®) for prompt and m(D%u) for SL

« SL candidates are further filtered with a MVA using as

input the quality of the vertices, the D° flight distance,
the IP and p; of the D° decay products
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Fiduclial selection

* For some regions of phase
space, the soft pion of a
specific charge is kicked out
from the detector acceptance
by the magnetic field

* In such regions very large
values of the raw
asymmetries are found

F. Betti - INFN Bologna, University of Bologna



Fiduclial selection

LHCb-PAPER-2019-006

 Remove soft pion kinematic regions when the raw
asymmetry is very high

« Similarly for the muon in the SL sample
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Normalized candidates

Kinematic weighting

Weight KK to nrr kinematics:
* Prompt: p(D%), p(D"), (D7)

Very small change on AA.p
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Kinematic weighting

LHCb-PAPER-2019-006

)

Weight KK to nmr kinematics:

8 C T T T ] 8 N T T T ]

§ 01F LHCb 3 § 0.1f LHCb -

"g - —D’ 5t ] 'g C -—D" st ]

g 008 — D’ S5 KK S 008 —D" S5 KK

3 006l 1 ooef :

N 006~ — ] 006 -

« SL: p+(D%), p(D®), ¢p(D?) P P :
. 004F . 004 3
T ! 4 § : ; § : ]

002 - 0021 -

. ; - , ;

Very small change on AAgp | & % & 0w T

)
)

& oaf ' CHCH 1 & °F ' CHCH 1 Soossk ' ' ' 1 ook £
§ - LHCb 1 § - LH(i)b ] § ;)03 F E § 003 : ]
o 1 I —— — — R n - o n —

'% 0.08_— . '% 0.08_ D0—>7r2+ . '% : 3 '% : E
S X ] S - —D >k 1 S0.025F = S0.025F =
=) r _' = 006 - =) : 1 9 F 3
8 0% 1 8 1 8 oof 41 §oof :
= L ] = B : = C E = - ]
E 004 . E 0.04 . E 0.015 — LHCb = E 0.015 - LHCb _E
) C ] ) B ] S 001F D>t 3 S 001F B, N
Z 002 1 % o0 1 Z ek 1 2 R RGN
- 1 - 1 0.005 - - 0005 =

[ - [ N F 1 | ] = F, , ] , , , ] ] =

% 5 10 % 5 10 0 -2 0 2 0 -2 0 2

p(D°) [GeV/c] p(D°) [GeV/c] o(D") o(D")

F. Betti - INFN Bologna, University of Bologna Moriond EW 2019 - 21/03/2019



A..,w Measurement

PROMPT
x10° x10°
. _ e ————————— 1~ 2200 T
* Fit m(DOTL') 2 6000F 44 M LHEb 3% 2000
distribution > {7 1800
= 5000F Poaa 2600
* Ay, Parameter of -t MoKy = 1400 Moo
the fit shared - [Jcomb.biey = 1200 [ comb bie.
& 3000F 1
*+ L N - 7))
llggcween D** and £ ool ] £ wo
5 1 3
- = 1000F 4 g 49
 About44 million © | @ 3 O 2000 AR -
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A..,w Measurement

SL

- Fit m(D?)
distribution
* A, Parameter of

the fit shared
between DY and D°

« About 9 million
signal events for
K K* and 3
million for r ™
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Systematic uncertainties

LHCb-PAPER-2019-006

- . Source m-tagged [107%] pu-tagged [107%]

* Prompt dominated by: [ ~ 5
o Fit model - evaluated by fitting Mistag - 1
pseudoexperiments with Weighting 0.2 1
alternative models Secondary decays 0.3 .
] B fraction - 1
o Misreconstructed background ;... .fcicenc . 0

0 —+..0 1o — 7+ ' Y
(D - K o, D" - m~l Vl) Peaking background 0.5 —
peaking in m(D°r) = estimated Total 0.9 5

by measuring the yields and
asymmetries of backgrounds on the m(D°) distributions

« SL dominated by mistag (wrong muon) = evaluated on the
B - D°(» K~ nt)uX control sample
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Stabllity

LHCb-PAPER-2019-006

e

« Sample split according to year and magnet polarity
* AA-p measured as a function of various kinematic/geometrical
« Alternative selections (e.g. tighter PID) tested

= No evidence for unexpected dependencies are seen
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Results S

LHCb-PAPER-2019-006

AAg;tagge — [—18.2 + 3.2 (stat.) + 0.9 (syst.):
AALSResed — 19 4 8 (stat.) £ 5 (syst.)

« Compatible with previous LHCb results and the WA
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Results

AAT85 = [-18.2 4+ 3.2 (stat.) £ 0.9 (syst.)
AALSResed — 19 4 8 (stat.) £ 5 (syst.)

« Compatible with previous LHCb results and the WA
« Combination with LHCb Run 1 gives:
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Resulfs S

LHCb-PAPER-2019-006

« Compatible with previous LHCb results and the WA
« Combination with LHCb Run 1 gives:

CP violation observed a @m

R —

F. Betti - INFN Bologna, University of Bologna iond EW 2019 - 21/03/2019



Interpretation S %

LHCb-PAPER-2019-006

- For the interpretation, A(t)/7(D°) and (t)/t(D°) are needed
» For the full LHCb data set (9fb~1):
A(t)/T(D°) = 0.115 + 0.002, (t)/z(DP°) = 1.71+0.10

» Using the LHCb averages: | - i
oyep = (5.7 £ 1.5)x1073 AAcp ~ Aadis (1 + WWP) 4 24 ging
OA[‘ - (—28 + 2.8))(10_4 ~ —aiCr;)d
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Interpretation S %

LHCb-PAPER-2019-006

- For the interpretation, A(t)/7(D%) and (t)/t(D°) are needed
» For the full LHCb data set (9fb~1):
A(t)/T(D°) = 0.115 + 0.002, (t)/z(DP°) = 1.71+0.10

» Using the LHCb averages: - o
°Yep = (5.7 £ 1.5)x10 Adep = Aadlr ( T T(Do)ycp) T T(Do)ag’ljg
0Ar = (—2.8+ 2.8)x107* ~ —qlid

AA-p mostly sensitive to direct CP violation
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New World Average

0.0100
m BaBar O no CPV
Including new y.» and e | cor
. LHCb SL KK+77
AA-p measurements: 0.0050 | LHCb promt KK e
LHCb prompt zx

0.0025 |

Aadlr = (—-16.4+28)x10~* %§> 0.0000 R o i
<

alld = (2.8 +2.6)x107* ~0.0025 |
—0.0050 r
Consistency with 00075 | 8 3 3B
NO CPV hypothesis: N -
5.4‘)(10_8 (5.440-) - 5. | urs contain 68%, 99.7¢ |
Courtesy —0.010-0.008—-0.006—-0.004—-0.002 0.000 0.002 0.004 0.006

of HFLAV a ind
CP
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Comparison with the SM

PLB 222 (1989) 501

. . - . PRD 51 (1995) 3478
The result is consistent with, Riv. Nuiovo Cim. 26N7 (2003) 1
although at the upper end of, SM | rro7s (2007) 036008
- . . . Ann. Rev. Nucl. Part. Sci. 58 (2008) 249
expectations, which lie in the PLB 774 (2017) 235
range 10_4 — 10_3 ... and many others

 Further measurements with charmed particles,
along with possible theoretical improvements, will
help clarify the physics picture
= establish whether this result is consistent with the
SM or indicates the presence of new dynamics in
the up-quark sector
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Conclusions %

* New LHCb measurements of:

oycp and x¢cp (Run 1): x > 0 at more than 3o
oAcp in Df - Kont, DY - K'K*, Dt - ¢t (Run 2)

- no CP violation in D° mixing nor in D, decays

 New measurement of AA.p with full LHCb Run 2 presented
today for the first time 2> AA.p # 0 at more than 50

CP VIOLATION IN CHARM HADRON
DECAYS OBSERVED FOR THE FIRST
TIME

F. Betti - INFN Bologna, University of Bologna iond EW 2019 - 21/03/2019
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Acp(K"K™) and Agp(m~m™)

e

ACP(K_K+) — Araw(K_K+) — Araw(K_n+) T AD(K_n+)

AD(K_n+) — Araw(K_ﬂ+7T+) — Araw(EOn-l_) + AD(EO)

D > K nt, DY 5 K n*nt and Dt - K°n™
control samples are needed

« Trickier than AA.p, weighting is not
simple and systematic associated to PID
asymmetry must be carefully evaluated

- Work already started to measure
Acp(h™h*) on the full Run 1 + Run 2

F. Betti - INFN Bologna, University of Bologna Moriond EW 2019 - 21/03/2019
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JHEP 07 (2014) 041

|
% :
— LHCbsemileptonic ! LHCb I
N
B & rompt | PLB 767 (2017) 177

0 0.5
RUN 1 Ao ) [ %]

Acp(K™K*) = (0.04 + 0.12 + 0.10)%
Acp(r~nt) = (0.07 £ 0.14 + 0.11)%




AA p at LHCb — History

m-tagged (3 fb™1) + PRL 116 (2016) 191601
u-tagged (3 fb~1) .-.— JHEP 07 (2014) 041
u-tagged (1 fb~1) —e— | PLB 723 (2013) 33
m-tagged (0.62 fb~1) . PRL 108 (2012) 111602
TS PR P P

-1 =05 0 05 1
AAcp [ V0]
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AA-p at LHCb — History + Run 2

(1-tagged (6 fb~1) - LHCb-PAPER-2019-006 )
u-tagged (6 fb~1) Ha LHCb-PAPER-2019-006
m-tagged (3 fb~1) ~ PRL 116 (2016) 191601
u-tagged (3 fb~1) %H JHEP 07 (2014) 041
u-tagged (1 fb~1) ———— | PLB 723 (2013) 33
m-tagged (0.62 fb™1) e PRL 108 (2012) 111602
..I....I....i....l....l

1050 05 1
A Agp [%]
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AA.p — History

n-tagged (3 fb™1)

u-tagged (3 fb™1)

Y(4S) (385.8 fb~1)
pp @ 1.96 TeV (9.7 fb~1)

Y(4S) (976 fb™1)

F. Betti - INFN Bologna, University of Bologna

o~

LHCb [PRL 116 (2016) 191601]

LHCb [JHEP 07 (2014) 041]

BaBar [PLB 723 (2013) 33]

CDF [PRL 109 (2012) 111801]

Belle Preliminary [arXiv:1212.1975]

-1 0 1
A Agp [%]
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AA-p — FUTUre prospects

LHCB-PUB-2018-009

Sample (£) Tag Yield Yield d(AAcp) o(Acp(hh))
D’ 5K-K* D% sn—nt (%] (%]
Run 1-2 (9 fb™ ") Prompt 52M 17TM 0.03 0.07
Run 1-3 (23 fb~1)  Prompt 280M 94M 0.013 0.03
Run 1-4 (50 fb~!)  Prompt 1G 305M 0.01 0.03
Run 1-5 (300 fb~') Prompt 4.9G 1.6G 0.003 0.007

- With Upgrade-I oy, (AAcp) expected to be 0(107%)
* 05rqt (A p)~3%x107° including Run 5 (Upgrade-II)

F. Betti - INFN Bologna, University of Bologna Moriond EW 2019 - 21/03/2019



Charm at LHCDb

» Large cc¢ production cross section
U(PP - CEX)ﬁ=13 TeV — (2369 + 3+ 152+ 118) ub JHEP 05 (2017) 074

« More than 1 billion D° - Kt decays o(pp — D°X) = 2072 £ 2 £ 124 b
reconstructed with the full LHCb data o(pp — DT X) =834+2+ 78pb
sample  o(pp— DFX)=353+£9+ T6pb

« L HCb detector: JINST 3 (2008) S08005
o Excellent IP resolution (~20 um)

o Very good momentum resolution
(6p/p~0.5%)
o Excellent PID capabilities

F. Betti - INFN Bologna, University of Bologna Moriond EW 2019 - 21/03/2019



The LHCb detector

[Int. J. Mod. Phys. A 30, 1530022 (2015)]

« Single arm spectrometer in
2 <n<5range

- Excellent vertex resolution
(13 um in transverse plane
for primary vertex)

« Excellent IP resolution
(~20 pm)

* Very good momentum
resolution (6p/p~0.5% —
0.8%)

« Excellent PID capabilities

« Very good trigger
efficiency (~90%)

F. Betti - INFN Bologna, University of Bologna Moriond EW 2019 - 21/03/2019



AA p — Fit model

6_% [’YJ+5J sinh ! (mT_;L—J—)] ?

J(m;py,05,05,77) = >
- Prompt case: Pl \/1+ ()

o Signal: sum of three Gaussian and a Johnson SU "
o Background: empirical function [m(D°+) — m(D°) — m(r+)]@elf ™P"m™)

« Semileptonic case:

o Signal: sum of two Gaussian functions convolved with a
power-law function

o Background: exponential function
omisID D° - K~rt: tail of a Gaussian

F. Betti - INFN Bologna, University of Bologna Moriond EW 2019 - 21/03/2019



AAqp — Stabllity
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AAqp — Stabllity
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AAcp

Stabllity
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AA.p — Cross-checks %

 Found variations compatible with statistical fluctuation
on AA.p measured with:

oA
oA
oA
oA

ternative PID cuts

ternative fiducial cuts

ternative hardware trigger categories

| multiple candidates kept (baseline is to keep only one)

* AApy, = (—0.023 £ 0.041)% -> compatible with 0 at 0.60

* AA-p measured by counting events after sideband
subtraction = differences well below the systematic

uncertainty
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AAp — Fit model systematic %

« Choose 6 alternative fit models

« 1000 toys for each subsample - generate with baseline -2
fit with baseline and alternative - calculate AA¢p 41t — AAcp nom

- Sum Iin quadrature mean and o of AA¢p g1t — AAcp nom
distribution for each model

* As a conservative choice, take the maximum as systematic
uncertainty

= 0.6x10~* for prompt and 2x10~* for SL
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AA-p — Weighting systematic %

« Uncertainty on weighting function due to limited
statistics

» Gaussian extraction of alternative weight event by event
- fit to get AAcp o1

e Perform 300 tests

* Uncertainty is the sum in quadrature of mean and o of
AACP,alt o AACP,no*m

= 0.2x10~* for prompt and 1x10~* for SL
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AA.p — Secondaries (Prompt)

fK""K_ . f7r+7r_
Asec = =5 5 [Araw (K K) + Ay, (7) — APSPPY K K) — AR ()]

- Measure fraction of secondary D° by fitting the distribution of
the D° IP in the plane transverse to the beam (TIP)

- Study performed in bins of t/7(D°) to TIp = 2P (5
have a better control on the resolution
1.5<t/1<3.0 3.0<t/t<4.5

- ~ [T T T 1 T T T T ggT T T T [ T T T T ~  FT T T T T T T T ggT T T T [ T T T T

/ b Prompt
/ \ ) Secondary

/2019

LHCb S ¢ Data 3 - LHCb

# \\ Prompt 1 <« 10
) Secondary 1 T
—] [72]
i &

. 02 -0.2 -0.1 1 .
TIP(D®) [mm] TIP(D®) [mm]

. - 0 ' 3

2019 -21/03



AA.p — Peaking background (prompf)

The yields and raw asymmetries of D - K-n*n® (D° -
- 1"v;) are measured by fits to m(K~K*") (m(r~n™")) and
extrapolated to the signal region [1844,1887] MeV /c?

L L L L L s L L L L L L L L L L
[ LHCb ' i ¢ Data L LHCb ' . ¢ Data

: : 0 -+ i

. @D’ > 107 : -D0—>K_K =

6 : 0 - P D —>Kn" 3
10 I D - Kt : 0 - -
: D . . D’ — K rtn® 3

. Egp° - nlty, L D> KK A

........ R --- Combinatorial 7 10° i -.-.- Combinatorial =

--------------------------------
"
‘e

.
S
9]
I

................................

Candidates / ( 2.8 MeV/c?)
>

Candidates / ( 2.8 MeV/c?)

PR T T T I S TR | I
1800 1850 1900 1950 1800 1850 1900 1950
m(rn—t) [MeV/c?] m(K K") [MeV/c?]
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AA.p — Difference in B® fraction (SL) %

- Effective D° production asymmetry in SL B decays:
Apete(D°) = Ap(B*) + f(BO)[Ap(B®) - D — Ap(B™))]

- In Run 1 analysis: difference in f(B?) is (0.34 + 0.18)%

between KK and nir due to difference in B® and B*
reconstruction efficiencies

. AP(BO) and Ap(B") measured by LHCD (pis 774 (2017) 139)

- Conservative assumption - f(B°) difference is 1%
= difference in Ap .¢(D°) is (—0.0001 £ 0.0058)%

> take 1X10™% as syst uncertainty
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AA.p» — Difference in T acceptance (SL) %

- Effective D° production asymmetry in SL B decays:
Aperr(D°) = Ap(B) + f(B®)[Ap(B®) - D — Ap(B*)]

* That depends alsoon D =1 - 27,,., so also on lifetime
acceptance (slightly different between KK and nr)

F o0
Pose = — e Mt (1 — cos(Amgt))t
2 Ji
« Syst uncertainty taken unchanged from Runl analysis

> estimated to be maximum 2X10~4
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Mistag rate (SL) %

0w = AAcp — AApy = 2"‘)KK‘AC’P(l(_I(ii_) — 2Wrrn [ACP(K_K+) - AJLlC’P]
+ 2AP,eff(D0)(wKK — w'zr'n') + AWKK - Awwm

- Measure mistag on D° - Km sample

- Take into account also mixed D° - K«
« Use A p(KK) and AA.p from Run 1 SL
» Assume Ap .;;(D°) = 3%

. Systematic uncertainty is 4X10™%
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Measurement of y.p

PRL 122 (2019) 011802

«10°

- Measure ratio between widths of D°
decaying to CP-even (I'cp;) and to CP-
mixed states (T'):

100

N
)

_Teps
Ycp T

Candidates per 2 MeV/c?
&

« If CP violated = ycp #y

- Measure D? - K K*, D° - et and D° - ol
K- n" yields in bins of D° decay time ¢

- Fit signal yields ratio as function of ¢ “00f D> K

300

- Semileptonic tag: D° from B - D°uvX ool

- Different efficiencies corrected by using “f | | A
Sl m u Iat | O n 1.84 1.86 1.88D0 ma;.:([)GeV/cz]

[\
(e}

* Data
— Fit
- Background
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Measurement of y.p %
PRL 122 (2019) 011802 M .

- 020 LIHCb —

 Procedure tested on control S Olgw -
samples Dt > K*Kn™, < | T :
Dt > K ntmt o8 4

i e Data -

» Results consistent between K*K~ foonopyy o0 4 4 —Fit  —
d ntm- : i}*T+++-ﬂ+ (1 |

an Tt = 0.065 + + —

05 10 15 20 25 30 35
D° decay time [ps]

- Results with Run 1 (3 fb™1):
ycp = (0.57 + 0.13 (stat) + 0.09 (syst))%

« Result compatible with and precise as the WA (0.84 + 0.16)%
» Consistent with y = (0.62 + 0.07)% = no CP violation
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Measurement of y.p

PRL 122 (2019) 011802

. . . . 3
- Most important systematic Decay Signal yield [10°]
associated to the decay-time DY s KtK-— 8782 4+ 1.9
acceptance correction DY s ntgo— 311.6 = 0.9
- Other systematics: Di—> K__Wi N 4579.5 = 3.2
o Decay model and composition in D+ — Kot 2200.2+ 1.9
simulation Dt — KtK—nt 98.0 £ 0.3

o Decay-time resolution

o Fit model
Decay Ar [ps” 1] yop |0]

D’ — KTK~  0.0153 &+ 0.0036 +0.0027 0.63 +0.15 4 0.11
D — rtr— 0.0093 = 0.0067 = 0.0038 0.38 =0.28 £0.15
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Measurement of x-p» and Ax

arXiv:1903.03074

- Analysis of D° - 112(5071171_9 rich = | szKSZ“i; for D' = Komn™
resonance substructure | m?(K{nT) for D° — K{n"m~
 Use novel bin-flip method, T U ' g
which is model independent and 3 25 * s
avoids accurate modeling of the i N
efficiency ; 52
 Binning in the Dalitz plane chosen to Lo jli &
have almost constant strong-phase - :
differences N ili
- Measure yield ratio R;,—“j between —b and 05 IS as
b bins in decay time bin j e
* RE. is function of x Ax and A Zep £ 02 = ~(q/p)7 0 £ i)
bj cpr Ycpr _ y xcp = —Im(z¢p), ycp = —Re(zcp)
*Xep =X, Vep =V, Ax = Ay = 0 if CP conserved |4Ax=-Im(42), Ay = —Re(Az)
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Measurement of x-p» and Ax

arXiv:1903.03074

o e |
 Run 1 data (3fb™1) éiﬁiﬁm
- Both prompt and semileptonic tags are g v W

used E :
 Yield measured in bins of Dalitz, decay o o

time, D° flavour, KSO category Am [MeV/e?]
- A fit is performed to the decay-time e

B->DY (Kt )X
—— Data
— Fit
. Background

dependence of Rj; to obtain x¢p, Ycp, Ax
and Ay

Candidates per 1.5 MeV/c?

1800 1850 1900

m(Kdr+™) [MeV/c?]
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Measurement of x-p» and Ax

arXiv:1903.03074

 Results consistent with no
CP violation

Value
[107?]

Parameter

27 £16 £04

Stat. correlations

Yycp
—0.17

Ax
0.04

Ay
—0.02

Yycp
0.15

Ax
0.01

Syst. correlations

Ay
—0.02

74 £36 +£1.1

 Most precise

. . Yyopr
determination of x from a 2= —0.53 4 0.70 £ 0.22
Ay 06 £1.6 +£0.3

—0.03

0.01
—0.13

—0.05

—0.03
0.14

single experiment

¢ Prompt¢ Semileptonic =~ — ---Fit

Parameter Value 95.5% CL interval e

z [1077] 0274541 [—0.05,0.60] al Og;%'%'"% """"""""""

y [1072] 0.74+0.37 [ 0.00,1.50] st P

lq/pl 1.05+022 [ 0.55,2.15] ) ~

0 —0.09 " 015 [—0.73,0.29] ) Y
- Combination with current < °-3§%%§— |

global knowledge gives o A

x > 0 at more than 3¢ < it et
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Measurement of x-p» and Ax

arXiv:1903.03074

Updated global combinations

° 1 . 3 |V| prompt Parameter Value . Allo;vg% (i;blté?/al oot
*1.OMSL shod  ooia | bmsand | bsmom | oaos
- Dominant systematic on x-p is due 5" 0oost# oo [oox009 (0501
Y CP
0
to secondary D" for prompt and o -
ra n d O m M fo r S L | 1: Current world average + this measurement
. . 2 ] B ] L B ]
Decay-time, mi resolutions and 0sh LHCb -
efficiency in Dalitz plane dominate oob i
systematic of y.p i
04  683% ./ WW E
1 2 2 2 1 2 2 " 02+ —
Ty + L {t*); Re(ch — Az ) -+ 1 (t*); |zap £ Az|" 4+ /rp(t); Re[ X} (zcp £ AZ)] : 055% A S :
0250020 0002 0004 0006 0.008 0.01

+ o

1 1
1+ 1 (t*); Re(2ép — AZ%) + 1y 1 (%), |zcp £ Az|* + /Tp(t); Re[Xp(2cp £ AZ)]

X
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Aqpin DF > KO%*, DY > KOK*, Dt - ¢ %

- Singly-Cabibbo-suppressed decays
¢ ACP~1O_4 - 10_3

» Sensitive to QCD penguin and from chromomagnetic dipole
operators (PRD 75 (2007) 036008)

« Already measured by LHCb with Run 1 (JHEP 06 (2013) 112, JHEP

10 (2014) 025)

Channel Acp (%) Dataset

DF — K¢nt  +0.38 £0.46 (stat) +0.17 (syst)

DT — KgK+ +0.03 £0.17 (stat) £ 0.14 (syst) 2011-2012 (3.2/1b)
DT — ¢m™ —0.04 £+ 0.14 (stat) = 0.14 (syst) 2011 (1.1/1b)
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Acp INDF - K9nt, DT > KIK*, Dt -» o™

arXiv:1903.01150

« To cancel production and detection asymmetries, control
samples are used: D - K)K*, Dt - Kdn*, Df - on*

« CP asymmetries are obtained from the raw asymmetries
differences:

Acp(Dy — Kgrt) = [A(D] — Kgn") — Ap(K°)] — A(D] — ¢77)
Acp(DY = KXK1) = [A(DT — KK 1) — Ap(K°)] — [A(DT — K% 1) — Ap(K°)]
— [A(Df - KK') — Ap(K®)] + A(DS — ¢7)
Acp(Dt = ¢on™) = A(DT = ¢r7) — [A(DT — K27 ") — Ap(KY)]
» Kinematics of D), n* and K* are weighted

- Ap(K?) is estimated by using simulation (JHEP 1407 (2014) 041)
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+ 0.5 (syst))

(1.3 £1.9 (stat)
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Candidates per 0.5 MeV/c?

o
n

qSOO 1850 1900 1950 2000

m(K*K %) [MeV/c?]

x 1073

(—0.09 + 0.65 (stat)
( 0.05+ 0.42 (stat)

No CP violation

4 0.48 (syst)) x 107°

4+ 0.29 (syst)) x 107°
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Acp INDF - K9nt, DT > KIK*, Dt -» o™

Combination with Run 1

Acp(DI = Ken)=( 1.6 -

Acp(DT — KJK™) = (—0.04 & 0.61

Acp(DT — ¢n™) = ( 0.03 -

arXiv:1903.01150

- 0.5 (syst)) x 107°

- 0.45 (syst)) x 1073

- 0.29 (syst)) x 1073
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Acp INDF - K9nt, DT > KIK*, Dt -» o™

arXiv:1903.01150

Systematic uncertainties
fit model and secondary decays are dominant

Source Ac, (D = K{n)  Ac, (DT = K{KT)  Ac,. (Dt — ¢nt)
Fit model 0.39 0.44 0.24
Secondary decays 0.30 0.12 0.03
§ S 1 Kinematic differences 0.09 0.09 0.04
<+ 107k LHCb | Neutral kaon asymmetry 0.05 0.05 0.04
= = t Bkg-subtracted data §  Charged kaon asymmetry 0.08 0.09 0.15
o - —Fit .
% i .Secondary decays i Total 0.51 0.48 0.29
->v: | _
10° =

0 50 100 150 200
TIP(D;) [pm]
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CP in other charm decays at LHCb %

D° > K*K m*m~ Runl SL
2011 PR
D° > n*n~m*m~ Runl PR
D° - h*h~u*u~ Run1+2015+2016 PR
D° - ntnn® Run 1 PR
Dt - ntn—m* 2011 -
DT > KtKm* 2010 -
D(";) - n'mt Run 1 -
n' ->ntn~ Run 1 -

A, > ph*th~ Run 1 -

F. Betti - INFN Bologna, University of Bologna Moriond EW 2019 - 21/03/2019



